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Against Foodborne Pathogens

SUMMARY

Research background. Microbial contamination of food products is one of the signifi-
cant causes of food spoilage and foodborne ilinesses. The use of active packaging films
incorporated with antimicrobial agents can be a measure to improve food quality and ex-
tend shelf life. Nevertheless, antimicrobial agents such as silver, copper, titanium and zinc
in the packaging films have raised concerns among consumers due to toxicity issues.

Experimental approach. The current study aims to develop biodegradable gela-
tine-based edible films incorporated with microcapsules of Clitoria ternatea-derived an-
thocyanins as a natural antimicrobial agent. The impact of incorporation of microcapsules
with anthocyanins on the morphology, thermal, mechanical, water vapour barrier and
physicochemical properties of the gelatine films was evaluated in this study. The effec-
tiveness of the developed films against foodborne pathogens and their application for
perishable food protection were also investigated.

Results and conclusions. The results show that incorporating anthocyanin microcap-
sules enhances the gelatine film physical and mechanical properties by increasing the
thickness, tensile strength, Young’s modulus and elongation at break of the films. Scan-
ning electronic microscopy analysis revealed that the film surface morphology with an-
thocyanin microcapsules had a homogeneous and smooth surface texture compared to
the control. The thermogravimetric analysis also showed a slightimprovement in the ther-
mal properties of the developed films. Agar well diffusion assay revealed that the devel-
oped films exhibit significant inhibition against a broad-spectrum of bacteria. Further-
more, the films composed of gelatine with anthocyanin microcapsules significantly
reduced the total viable count of microorganisms in the bean curd during storage for 12
days compared with the control films.

Novelty and scientific contribution. Increasing global awareness of healthy and safe food
with minimal synthetic ingredients as preservatives has sparked the search for the use of
antimicrobial agents of natural origins in active food packaging material. In this study, a
safe and effective active packaging film was developed using an environmentally friend-
ly biopolymer, gelatine film incorporated with microcapsules of Clitoria ternatea-derived
anthocyanins as a natural antimicrobial agent. This study demonstrated that such a meth-
od is not only able to improve the film physical properties but can also significantly pro-
long the shelf life of food products by protecting them from microbial spoilage.

Key words: gelatine film, food packaging, anthocyanins, natural antimicrobial agent,
foodborne pathogens, Clitoria ternatea

INTRODUCTION

Food spoilage is a complex process resulting from the biochemical changes caused
by microbial population, which leads to the loss of nutritional value, texture and flavour
of the food (7). Despite the improvement of food processing and production with modern
technology, microbial food spoilage is still a major global issue that causes excessive food
waste. The Food and Agriculture Organization of the United Nations reported the waste
of 1.3 billion tonnes of food per year due to food spoilage, which constitutes an enormous
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financial burden of 750 billion USD (2). Furthermore, inges-
tion of the microorganisms or the microbial contaminants is
linked to foodborne illnesses, including common symptoms
such as diarrhoea, nausea and vomiting (3). Foodborne
ilinesses have accounted for 3 % of mortality worldwide and
costs of more than 15.6 billion USD annually (4).

Food packaging is used to improve the safety and pro-
long the shelf life of food products by postponing microbial
spoilage. Non-biodegradable polymers like plastics are com-
monly used as food packaging material. Nevertheless, petro-
leum-based food packaging materials are being phased out
in favour of biopolymer-based biodegradable packaging due
to environmental concerns. On the contrary, upon disposal,
biodegradable packaging materials including polysaccha-
rides, protein or lipids will be broken down by microorgan-
isms (bacteria, fungi and algae) through composting process
to carbon dioxide, water, methane and biomass (5). Soya pro-
tein, maize zein, sodium caseinate, wheat gluten, pea pro-
teins, sunflower protein and gelatine have all been utilized to
make biodegradable films (6). Among these biodegradable
protein films, gelatine-based films have a significant poten-
tial for commercial use as food packaging films due to their
associated and unique features. Gelatine is a natural wa-
ter-soluble protein characterized by the absence of a notice-
able odour and the random configuration of polypeptide
chains in an aqueous solution (7). It is obtained from the par-
tial hydrolysis of collagen, a fibrous protein mainly found in
certain parts of vertebrate and invertebrate animals as bones,
skins, connective tissues and tendons. Film-forming proper-
ties of gelatine have prompted considerable interest as edible
food packaging films, which served as an excellent alterna-
tive to conventional plastic food packaging that causes vari-
ous environmental issues.

Active food packaging films incorporating synthetic or
natural antimicrobial agents are among the recent solutions
in preventing microbial spoilage. Various agents, including
metals, salts, organic acids and chitosan, have been studied
in antimicrobial packaging with varying degrees of success
(8,9). Among all, the use of inorganic and metal nanoparticles
such as Ag, TiO,, ZnO, Cu,0 and CuO in food packaging has
been reported with fairly good antimicrobial activity. How-
ever, concerns have been raised over the risks associated with
the potential ingestion of Ag ions that can migrate into food
and drinks. Lansdown (70) has reported that chronic inges-
tion or inhalation of silver can lead to the deposition of silver
metal/silver sulfide particles in the skin (argyria), eye (argyro-
sis) and other organs. Thus, there is a growing interest in the
development of antimicrobial packaging materials with nat-
ural antimicrobial agents. Numerous research studies have
documented the effective production of smart food packag-
ing materials employing natural components such as citric
acid, pomegranate extract, apple peel extract and purple
cabbage extract in recent years (77,12). The use of these pig-
ments or compounds not only improves the antioxidant and
antibacterial characteristics of the food packing materials but

also allows colour changes to occur, which are related to pH
shifts during food deterioration (13,74).

Anthocyanins are pigments found in various flowers, veg-
etables, fruits and berries (75). Traditionally, they have been
used as a natural food colourant. These natural pigments are
bioactive substances reported with strong oxidation resist-
ance and therapeutic benefits against inflammation and in-
fections (76,77).In recent years, anthocyanins have been gain-
ing attention as food additives in the food industries (78).
Clitoria ternatea, commonly known as butterfly pea, belongs
to the Fabaceae family and is native to Asian countries (79). C.
ternatea is a flower crop with edible flowers used as a natural
colourant for various local delicacies and served as tea in
South East Asia. It is rich in pigments, mostly anthocyanins
(20). Our previous study has shown that C. ternatea-derived
anthocyanins exhibited antimicrobial effects against a broad
spectrum of foodborne pathogenic bacteria (27). However,
anthocyanins are sensitive to the environment conditions
and are easily degraded, resulting in their reduced bioavail-
ability (22).

In the present study, we have developed the gela-
tine-based film incorporated with microcapsules of C. terna-
tea-derived anthocyanins as natural antimicrobial agents for
application in the food packaging industry. The effect of an-
thocyanin microcapsule incorporation on the film physical
properties and the gelatine film antimicrobial properties
against foodborne pathogens were evaluated. The antimicro-
bial efficiency of the developed food packaging material was
also investigated using a food model.

MATERIALS AND METHODS

Plant material

Plant samples of Clitoria ternatea were gathered in
Bandaraya Melaka, Malacca, Malaysia (N2°12'3” E102°14'21").
Botanists from Universiti Kuala Lumpur had verified the ma-
terial. Fungicides and pesticides are not used in the crop area.
Only flowers with no evident signs of disease were collected
by hand for sampling. The plant material was collected and
placed in resealable plastic bags for processing within 24 h.
The samples were cleaned in the lab under running tap wa-
ter. The flowers were dried at 60 °C in a convection drying
oven (Vac Oven 19.8L; Thermo Scientific, Waltham, MA, USA)
until they reached a constant mass. A food blender was used
to grind the dried flower (800G/S; MRC Laboratory Instru-
ments, Harlow, UK). The powdered ingredients were kept in
a desiccator until they were needed again.

Anthocyanin extraction from C. ternatea

Anthocyanins were extracted from C. ternatea according
to a previously reported method (27). Briefly, the C. ternatea
flowers were dried at 60 °C until constant mass and ground
into fine particles. The anthocyanin content was extracted by
soaking the powdered plant material in acidified ethanol
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(pH=4.5) for three days at a ratio of 1:20 (m/V). The extract
was then dried under reduced pressure by using a rotary
evaporator (Rotavapor R-100; Buchi, Flawil, Switzerland) at 50
°C. The qualitative anthocyanin analysis was conducted by
adding to the extract equal volume of 2 M hydrochloric acid
and ammonia solution. The absorbance of the blue-violet so-
lution measured at 520 nm using a spectrophotometer (UV-
-1280; Shimadzu, Tokyo, Japan) indicates a positive result for
anthocyanins.

Preparation of anthocyanin microcapsule suspension

The microcapsules were prepared with the hot homoge-
nization technique with slight modifications (23). A volume
of 100 mL of 2 % of nonionic surfactant (pluronic F127, Sig-
ma-Aldrich, Merck, St Louis, MO, USA) solution was prepared
in distilled water in an ice bath. Then, 200 mL of anthocyanin
extract were added. The solution was then mixed with a ho-
mogenizer (Heidolph, Schwabach, Germany) at 10 000 rpm
for 2 min. To prepare the solid phase, 1 % dextran (Sig-
ma-Aldrich, Merck) solution was prepared at 70 °C, which was
then gradually added to the previously prepared solution and
homogenized for another 1 min at 10 000 rpm until a trans-
parent solution was obtained. A blank control was included
by replacing the anthocyanin extract with ethanol. These mi-
crocapsule suspensions were then used for the preparation
of the films.

Synthesis of gelatine with anthocyanin microcapsules

The gelatine films were prepared by the solution casting
method as reported previously (24). The gelatine powder
(Sigma-Aldrich, Merck) was dissolved in distilled water at
40°Cto form a 5.0 % (m/V) gelatine solution. Then, 3 % (m/V)
sorbitol (Merck, Darmstadt, Germany) was added as a plasti-
cizer. The mixture was stirred continuously for 20 min at
100 °C. Then, the anthocyanin microcapsules were added
slowly into the solution and the mixture was stirred for 20 min
at room temperature to obtain a film-forming solution. The
film-forming solution (12 mL) was transferred to a polysty-
rene Petri dish (10 cmx10 cm) and then placed at 35 °C until
completely dried. A control gelatine film was prepared with
the same method by replacing the anthocyanin microcapsules
with ethanol as a blank control.

Characterization of the gelatine film colour parameters

The film colour values were determined with a colorime-
ter (Minolta, Tokyo, Japan) under constant light conditions.
The value for L*a*b* were averaged from five measurements
of each sample. The total difference in the colour of the films
(AE) was calculated according to the following equation:

AE=[(AL)*+(Aa)y*+(Ab)H°> "/

where AL, Aa and Ab are the differences between the colour
of the standard colour plate and film samples.

Scanning electronic microscopy

The microscopic surface characteristics of the films were
investigated by scanning electron microscope (Carl Zeiss
SMT, Cambridge, UK). Each sample was carefully mounted
into grids of dimension 3 mmx0.5 mm and coated with
platinum prior to examination.

Film thickness

The film thickness was measured with an electronic dig-
ital micrometer (Mitutoyo Corporation, Kanagawa, Japan).
Measurements were replicated six times for each film.

Analysis of mechanical properties of the films

The mechanical properties of the films, such as tensile
strength (TS), Young’s modulus (YM), and elongation at break
(E) were analysed according to ASTM standard method D882-
-10 (25). Samples of 2.0 cmx10.0 cm were prepared. The tests
were performed using LLOYD LR30K Plus material testing ma-
chine (AMETEK Measurement and Calibration Technologies,
West Sussex, UK) operated at initial grip separation and cross-
head speed set at 50 mm and 50 mm/min, respectively. Five
samples were tested for each film, and the average values
were presented. Durometer hardness test was done to mea-
sure the resistance of the samples to deformation induced by
mechanical indentation or abrasion. The control and the film
incorporated with anthocyanin microcapsules were subject-
ed to stress using a durometer model M202 (Durotech, Lon-
don, UK). Shore A hardness measurement was used on the 6
mm thick samples. Five measurements were carried out for
each type of film.

Moisture content of film samples

The film samples of the size 2 cmx2 cm were placed in an
aluminium dish and dried in a hot air oven at 90 °C for 24 h
(24). The initial and final mass of the films were measured. The
moisture content was calculated according to the following
equation:

w(moisture)=[(m,-m;)/(m,]-100 /2/

where m; is the initial mass of the film (g), and m; is the mass
of the dried film (g).

Water vapour permeability

Water vapour permeability (WVP) was determined gravi-
metrically according to the ASTM standard method E96/
E96M-16 (26). The films were placed on the container with
distilled deionized water in a chamber with controlled tem-
perature and relative humidity (23 °Cand 15 % RH). To deter-
mine mass loss, each container covered with the film was
weighed immediately and at 1 hintervals for 8 h. The WVP of
the films in g/(m*Pa-s) was calculated according to the follow-
ing equation:
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WVP=(WVTR-L)/Ap /3/

where WVTR is measured water vapour transmission rate (g/
(m?%s)) through the film, L is mean thickness of the film (m),
and Ap is partial water vapour pressure difference (Pa) across
the film. For each measurement, at least five repetitions were
made.

Thermal properties

The thermal properties of the films were determined
based on the ASTME standard E1131-20 (27) and ISO 11358-
-1:2014 (28). Thermogravimetric analysis (TGA) was per-
formed on a Q-5000IR (TA Instruments, New Castle, DE, USA)
coupled with a differential thermal analyser (DTA). Each film
sample (approx. 5 mg) was heated from 30 to 600 °C with a
heating rate of 20 °C/min under nitrogen flow (40 mL/min).
The melting point (T,,) was recorded at the temperature at
which the endothermic peak appears in the thermograms,
and three samples were measured for each film type.

Fourier-transform infrared spectroscopy

Fourier-transform infrared (FTIR) spectra of the gelatine
powder, gelatine control film, anthocyanin extract, and gel-
atine/anthocyanin microcapsule film were analysed using
FTIR spectrometer (Nicolet iS10; Thermo Fisher Scientific,
Waltham, MA, USA) operated at a resolution of 4 cm™. The
spectrum of each sample was recorded in the wavelength
range of 500-4000 cm™".

Antimicrobial assay against foodborne pathogens

Test microorganisms

Three Gram-positive and six Gram-negative foodborne
pathogenic bacteria were used to evaluate the antimicrobial
effectiveness of films developed in this study: Staphylococcus
aureus, Bacillus subtilis, MRSA, Escherichia coli, Proteus mirabi-
lis, Yersinia enterocolitica, Salmonella enterica ser. Typhimuri-
um, Pseudomonas aeruginosa and Acinobacter anitratus. The
test microorganisms were previously isolated from contami-
nated food samples, verified by their 16S rRNA gene and
maintained at Upstream Processing Laboratory, Universiti
Kuala Lumpur, Malaysia.

Agar diffusion assay

The film antimicrobial properties were determined by the
agar diffusion method, as reported previously (29) with minor
modification. Briefly, the bacterial inoculum was prepared
based on the 0.5 McFarland standard (1.5-108 CFU/mL) and
spread on the nutrient agar (Merck, Darmstadt, Germany) as
the lawn. Wells of 1 cm in diameter were made on the nutri-
ent agar using agar well borer, and 80 L of each film solution
were loaded into the well and allowed to solidify before in-
cubation at 37 °C. After incubation for 24 h, inhibition zones
were determined by measuring the clear zone diameter
around the wells.

Application of the gelatine-anthocyanin films
as active packaging for bean curd (tofu)

A mass of 100 g of bean curd (tofu) was cut and wrapped
in the control and anthocyanin microcapsule-incorporated
gelatine films. The samples were stored for 12 days at two
different temperatures, 27 and 4 °C. Sampling was done at an
interval of 4 days for microbiological analysis. The bean curd
was homogenized in a stomacher (Stomacher 400 Lab Sys-
tem; Seward, Norfolk, UK) with 225 mL of sterile peptone wa-
ter, followed by serial dilution, and then spread on nutrient
agar. After incubation for 24 h at 37 °C, the number of colonies
on each plate was counted, and total viable cells (CFU/mg)
were calculated.

Statistical analysis

All tests were repeated at least three times, and data were
analysed with SPSS software v. 17.0 (30). One-way analysis of
variance (ANOVA) was used to evaluate the significance be-
tween samples by Duncan'’s test (p<0.05). Origin v. 8.0 (37)
and Excel v. 2010 (32) were used for statistical analysis.

RESULTS AND DISCUSSION

The film total colour difference and surface morphology
were observed to study the physiological effect of the in-
corporated anthocyanin microcapsules. As shown in Table
1, the incorporation of anthocyanin microcapsules in the
films increased the blueness (b*) value significantly, while
redness (a*), lightness (L*) and AE values decreased. The ob-
tained results are parallel with the findings of Pourjavaher
etal. (33), where changes of AE* value of cellulose nanofibre
films were observed after the addition of anthocyanin from
red cabbage. The control gelatine film had a thin, yellowish
and homogenous surface, while the gelatine film incorpo-
rated with anthocyanin microcapsules appeared to be dark-
er and greenish, attributed to the anthocyanin extract co-
lour at pH=6 (Fig. S1). The colour attribute of anthocyanin

Table 1. Physical properties of the gelatine films

Property Coptro! Gelatine fiIm.with
(gelatine film) anthocyanins
L/mm 0.21+0.03 0.31+0.02
TS/MPa 31.0£1.9 37.4+1.1
YM/MPa 607.4+16.3 704.3£11.2
E/% 92.8+4.2 102.7+1.6
Hardness/N 28.4+0.7 33.6+1.7
w(moisture)/% 12.5+0.6 10.4+0.5
WVP-10-%/(g/(m?Pa-s)) 2.140%0.005 2.840+0.004
L* 45.1£0.2 38.1£0.2
a* -7.310.1 -10.1£0.3
b* 8.11 12.51
AE 31.0+0.2 26.5+0.8

L=thickness, TS=tensile strength, YM=Young’s modulus, E=elon-
gation at break, WVP=water vapour permeability, L*=lightness,
a*=redness, b*=yellowness, AE=total colour difference
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is a unique feature of this natural pigment. Anthocyanin at
different pH will go through a structural transformation as-
sociated with colour changes (34). In recent years, there has
been emerging interest in developing smart packaging ma-
terial using anthocyanins to detect food spoilage based on
the pH changes due to the produced organic acids or am-
monia (35). In their study in assessing the organoleptic per-
formance of edible flowers, Benvenuti et al. (36) reported
that the anthocyanins in edible flowers significantly im-
proved the sensory profiles and organoleptic performance
of food products.

Fig. 1 shows SEM micrographs of the gelatine film surface
morphology. A relatively rough surface of the control gelatine
film with a substantial presence of pores was observed. How-
ever, a smooth and homogeneous surface with fewer pores
and cavities was observed on the gelatine film with the incor-
porated anthocyanin microcapsules. This observation might
be due to the differences in the film thickness, which resulted
in fewer wrinkles formed on the surface. Rawdkuen et al. (37)
and Wu et al. (38) reported similar film surface morphology.
Grover et al. (39) reported that the addition of water-soluble
carbodiimide during the chemical crosslinking of the gelatine
scaffolds resulted in the activation of the carboxylic groups
in the gelatine, reducing the number of side reactions and
therefore inducing crosslinking with free primary amine
groups. Such chemical modification leads to a less porous
microstructure, and physicochemical changes of the gelatine
scaffolds. Similar pathways may take place during the cross-
linking of the gelatine films containing anthocyanin micro-
capsules.

SEl 3V WD7mm SS40 X250 A0 — SEI 3kV WD7mm SS30 X250 00U —

SE 3KV WD7mm SS30 X500 50pm  —

SEl 3V WD7mm SS40 X500 SOpm  e—

Fig. 1. Scanning electron microscopy micrographs showing the sur-
face micromorphology of gelatine films: a) control at 250x, b) film
with anthocyanin microcapsules at 250X, ¢) control at 500x and d)
film with anthocyanin microcapsules at 500x

The mechanical properties of films such as tensile
strength (TS) and elongation at break (EAB) are key indicators
of the film integrity and resistance to environmental stress
during applications such as packaging (40). The TS, EAB and
Young modulus (YM) of the gelatine films are listed in Table
1.The TS indicates the film strength, while EAB represents the
film flexibility prior to breakage. The TS of the control gela-
tine film was 31.0 MPa, close to the value of mammalian gela-
tine film reported previously (47). With the addition of the
anthocyanin microcapsules, the TS increased 20 % to 37.4
MPa. The EAB of the control film was 92.8 %, while of the gel-
atine/anthocyanin films it was slightly higher. The produced
film was strong but flexible, which is an ideal material for food
packaging. Overall, incorporating anthocyanin microcap-
sules improved the gelatine film mechanical properties, in-
cluding hardness and YM. The thickness of the gelatine films
also increased from 0.2 to 0.3 mm with the addition of the
anthocyanin microcapsules. The obtained results are in good
agreement with the findings reported by Chin et al. (42) that
antimicrobial agents like Aloe vera extract would improve the
plasticity and flexibility of gelatine films. The mechanical
properties of the films depend on the intermolecular interac-
tion of the film-forming matrix during the establishment of
the protein network. Thus, incorporating the anthocyanin mi-
crocapsules may increase the hydrogen bonds formed be-
tween them and the polypeptides present in the gelatine,
which in turn stabilizes the protein network. Furthermore, the
heterogeneous film structure might increase the resistance
to the film breakage, as previously reported by Libanori et al.
(43). The overall improvement of the gelatine film mechanical
properties suggests that anthocyanin microcapsules had a
plasticizing effect on the film.

As shown in Table 1, the moisture content of the control
film was 12.5 % and it decreased to 10.4 % by incorporating
the anthocyanin microcapsules. In contrast, WVP of the film
with anthocyanin microcapsules and control films was
2.84-10° and 2.14-10~ g/(m?*Pa-s), respectively. Hamilton (44)
reported that water permeability of low-density polyethyl-
ene was 2:10°® g/(m*Pa-s). The common plastic films have
higher water permeability than gelatine films, as gelatine hy-
drophilicity contributes to the low water barrier properties.
However, in the current context, incorporating anthocyanin
microcapsules into the gelatine film improved the water per-
meability and led to better breathable performance of the
film.

The thermal properties of the gelatine films are shown in
Fig. 2. TGA results show two-step thermal decline patterns for
both gelatine and gelatine/anthocyanin films. The first step
of the decomposition of both gelatine and gelatine/anthocy-
anin films started at around 90 °C. The beginning of the sec-
ond decomposition step was observed at 300 °C due to the
evaporation of water remaining in the film, and then the de-
composition of gelatine occurred. The temperature of the
thermal destruction of gelatine/anthocyanin was slightly de-
layed compared to the control film. This result indicated that
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0.8 -
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Fig. 2. Thermal characterization of gelatine and gelatine/anthocyan-
in films: a) thermogravimetric analysis curves, and b) derivative ther-
mogravimetry analysis (DTGA)

the addition of anthocyanin increased the thermal stability
of the film. After the final thermal destruction, the mass frac-
tions of the gelatine and gelatine/anthocyanin film residues
were 15.91 and 16.44 %, respectively. Mass fraction of gela-
tine/anthocyanin residue was higher than of gelatine control
film due to the presence of anthocyanins in the film. A similar
observation was reported by Kanmani and Rhim (45) with the
addition of AgNPs to the gelatine film.

Fourier-transform infrared (FTIR) spectroscopy was car-
ried out to identify the chemical structure changes of gela-
tine and the incorporation of anthocyanins. Fig. 3 shows the

1104 — anthocyanin extract gelatine film with anthocyanins
— control (gelatine film) — gelatine powder
100+
8 ol \/‘\
c
8
= 80 A
£
2
& 704
il
60
50+
40
4000 3500 3000 2500 2000 1500 1000 500

vicm™!

Fig. 3. FTIR spectra of anthocyanin extract, gelatine film with antho-
cyanins, control (gelatine film) and gelatine powder

FTIR spectra of the pure gelatine powder, gelatine (control)
film, anthocyanin extracts and gelatine film with incorporat-
ed anthocyanins. All spectra show the peak range from 3275
to 665 cm™. The broad and robust absorption peak observed
at 3275 cm™ was assigned to hydroxyl strain vibration group
(O-H), while the intense peak at 1633 cm™" shows the presence
of the carbonyl (C=C) stretching frequency (Table 2). The
peaks appearing at 1540 cm™ are due to the stretching vibra-
tion of the ester group. The peaks observed in the FTIR spec-
tra of the gelatine powder and gelatine control film show the
same bonds and wavenumbers, indicating that there were
no major changes in the functional group, whereas the gela-
tine/anthocyanin film spectra showed a stretching vibration
when anthocyanins were added. Hence, it indicates the pres-
ence of anthocyanins within the gelatine network of the de-
veloped film.

Table 2. Comparison of the relevant transmission peaks of gelatine
(control) film, gelatine/anthocyanin film, gelatine powder and antho-
cyanin extract with standard transmission peaks

Standard Experimental
Type of bond transmission transmission

peak/cm™ peak/cm™
C=C of benzene ring 1629.97 1634.36
Carbonyl group 1524.92 1541.53
Aliphatic hydrogen 2934.98 2934.74
OH group 3429 3275.97

The antimicrobial activity of gelatine film incorporated
with different anthocyanin microcapsule masses was tested
against nine foodborne illness-related microorganisms, in-
cluding Gram-positive and -negative bacteria. The well diffu-
sion assay shows that 6 out of the 9 test microorganisms are
susceptible to the anthocyanin-incorporated gelatine film
(Table 3). The developed film exhibited a significant and

Table 3. Antibacterial activity of gelatine and gelatine film incorpo-
rated with different masses of anthocyanin microcapsules

d(inhibition)/mm

_ o . .
i X Sc_ m(anthocyanins in gelatine)/
Test microorganism EEE mg
o &
SRE 30 40 50

Gram-positive bacteria

Staphylococcus aureus - 8.8+0.3 11.3£0.7 14.0£1.0
Bacillus subtilis - - - -
MRSA - 8.9+1.8 11.8+£0.4 11.9+0.1

Gram-negative bacteria
Proteus mirabilis - - - -

Yersinia enterocolitica - - 9.3+0.8 11.5+£0.5

Escherichia coli - 8.3+0.6 10.3£0.6 14.2+1.1
Salmonella enterica ser. _ _ _ B
Typhimurium

Acinobacter anitratus - - 7.9+0.2 10.0+1.0
Pseudomonas aeruginosa - 76+£0.6 9.0£1.7 10.0£1.0

- =no inhibitory zone
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broad spectrum of antimicrobial activity against both Gram-
positive and -negative bacteria, including the common food-
borne illnesses caused by bacteria such as Staphylococcus au-
reus, Escherichia coli, Yersinia sp., etc. The broad-spectrum
antimicrobial activity of anthocyanins in their free form was
also reported by Aly et al. (46) and Ab Rashid et al. (47). The
size of the inhibition zone increased in a concentration-de-
pendent manner. With the highest concentration of antho-
cyanins, the inhibition zone size on well diffusion assay varied
among all microbes ranging from 10 to 14.2 mm, indicating
different susceptibility of the test microorganisms to the an-
thocyanins. The obtained result agrees with the findings of
Werlein et al. (48) that anthocyanins have better antimicrobial
activity against Gram-positive than Gram-negative bacteria.
This might occur due to the presence of an outer membrane
in the Gram-negative bacteria that acts as a permeability bar-
rier.

To investigate the efficiency of the developed gelatine
film as an active food packaging, we used tofu (soya bean
curd) as a food model system. Tofu is a versatile protein-rich
food prepared from soya beans. With relatively high moisture
content (80-88 %), moderate pH (pH=5.8-6.2) and rich pro-
tein content (6-8.4 %), tofu is a perishable food product with
short shelf life (49). The detection of spoilage microorganisms
such as lactic acid bacteria, Pseudomonas, Enterobacteriaceae,
Bacillus spp., Klebsiella spp. and Staphylococcus spp. in tofu
have been reported in numerous studies (49). Fig. 4 shows

a) 35
—e—control (gelatine film) gelatine film with anthocyanins

3.0 1
1
2.5

2.0

N-107/(CFUIg)

0 2 4 6 8 10 12 14
t(storage)/day

—e—control (gelatine film)

gelatine film with anthocyanins

N-105/(CFU/g)

o 2 4 6 8 10 12 14
t(storage)/day
Fig. 4. Total viable count changes of the food model with different

packaging films during storage for 12 days at: a) room temperature
and b) 4 °C

total viable count (TVC) of the soya curd using different gela-
tine films as a packaging system during storage for 14 days
at room temperature and 4 °C. The TVC of bacteria is a vital
indicator of the quality of food products. At room tem-
perature, the initial TVC was 5.0-10? CFU/g, which suggested
that the soya curd quality was low but acceptable. The TVC
of the soya curd increased significantly during storage. The
TVC of the soya curd packed in the control and gelatine/an-
thocyanin films was 2:10° and 10° CFU/g, respectively, on day
4, and was close to the maximum microbiological acceptabil-
ity limit of 10’ CFU/g for bean curd. It is suggested that their
microbiological shelf life was about 5-6 days. The reported
shelf life is longer compared to Yang et al. (50) where they uti-
lized calcinated shell powder from Corbicula fluminea as a
natural antimicrobial agent for tofu preservation. No study
has been conducted to apply anthocyanins as packing sys-
tem for tofu. TVC of the samples packed in control gelatine
film increased to 1.3:10* and 2.8-10* CFU/g on days 8 and 12,
respectively. In contrast, the TVC of the samples packed with
gelatine film incorporated with anthocyanin microcapsules
was significantly lower than that of the control sample on the
same day. The bacterial growth inhibition is particularly sig-
nificant on day 12 of storage, with the TVC of the control gel-
atine film two-fold of the film incorporated with anthocyan-
in microcapsules. These results showed that the sample
bacterial growth was inhibited in the packaging system con-
taining gelatine films incorporated with anthocyanin micro-
capsules. Unlike storage at room temperature, the TVC de-
creased during 12 days of storage at 4 °C. Nevertheless, the
TVC of the samples packed with gelatine film incorporated
with anthocyanin microcapsules is continually lower, with
significant growth reduction.

CONCLUSIONS

In conclusion, the incorporation of the anthocyanin mi-
crocapsules into the gelatine film significantly improved the
mechanical and thermal properties of the film. The devel-
oped gelatine film also showed significant bacterial growth
inhibition against the common foodborne pathogens. Using
soya curd as a food model demonstrates that the developed
gelatine film can suppress microbial growth that leads to
food spoilage. This study shows that the gelatine film with
anthocyanin microcapsules is an effective biodegradable
food packaging material with a natural antimicrobial agent
that has excellent potential to enhance the shelf life of food
products.

FUNDING

The Ministry of Higher Education Malaysia and Universiti
Kuala Lumpur supported this work under the Fundamental
Research Grant Scheme (FRGS/1/2020/STGO1/UNIKL/02/1)
and short-term research grant (str17075) (Development of
novel food packing material with antimicrobial properties).

428 FTB|Food Technology & Biotechnology

October-December 2021 | Vol. 59 | No. 4



Food Technol. Biotechnol. 59 (4) 422-431 (2021)

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest
with respect to the content, authorship and publication of
this manuscript.

SUPPLEMENTARY MATERIALS

Supplementary material is available at: www.ftb.com.hr.

AUTHORS’ CONTRIBUTION

C.R. Leong contributed to the conception and design of
the work, and preparation of the manuscript, N.S. Daud and
S.Y. Cheng collected the data, W.Y. Tong and K.F. Pa’ee con-
tributed to the data analysis and interpretation, N.S.M. N.
Hamin and W.N. Tan performed the analyses.

ORCID ID

C.R.Leong @ https://orcid.org/0000-0002-2692-0097
W.Y. Tong ©® https:/orcid.org/0000-0002-8697-6885
W.N. Tan © https://orcid.org/0000-0002-7812-3946
S.Y. Cheng © https://orcid.org/0000-0002-6483-7323
K.F. Pa’ee © https://orcid.org/0000-0001-8479-1126

REFERENCES

1. Hileman B.Food irradiation. Chem Eng News. 2007;85(3):41-
3.

2. Cichello SA. Oxygen absorbers in food preservation: A re-
view. J Food Sci Technol. 2015;52:1889-95.
https://doi.org/10.1007/513197-014-1265-2

3. Kawai T, Sekizuka T, Yahata Y, Kuroda M, Kumeda Y, lijima
Y, et al.|dentification of Kudoa septempunctata as the caus-
ative agent of novel food poisoning outbreaks in Japan by
consumption of Paralichthys olivaceus in raw fish. Clin Infect
Dis. 2012;54(8):1046-52.
https://doi.org/10.1093/cid/cir1040

4. Hoffman S, Maculloch B, Batz M. Economic burden of major
foodborne ilinesses acquired in the United States. USDA,
Washington DC, USA: Economic Information Bulletin No.
140; 2015.
https://doi.org/10.22004/ag.econ.205081

5. Siracusa V, Rocculi P, Romani S, Dalla Rosa M. Biodegrada-
ble polymers for food packaging: A review. Trends Food Sci
Technol. 2008;19(12):634-43.
https://doi.org/10.1016/j.tifs.2008.07.003

6. Marsh K, Bugusu B. Food packaging — Roles, materials, and
environmental issues. J Food Sci. 2007;72(3):R39-55.
https://doi.org/10.1111/j.1750-3841.2007.00301.x

7. DengL, Kang X, Liu Y, Feng F, Zhang H. Characterization of
gelatin/zein films fabricated by electrospinning vs solvent
casting. Food Hydrocoll. 2018;74:324-32.
https://doi.org/10.1016/j.foodhyd.2017.08.023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Pérez-Pérez C, Regalado-Gonzalez C, Rodriguez-Rodriguez

CA, Barbosa-Rodriguez JR, Villasefior-Ortega F. Incorpora-
tion of antimicrobial agents in food packaging films and
coatings. In: Guevara-Gonzalez RG, Torres-Pacheco |, edi-
tors. Advances in agricultural and food biotechnology.
Trivandrum, India: Research Signpost: 2006. pp. 193-216.

. Espitia PJP, Soares NDFF, dos Reis Coimbra JS, de Andrade

NJ, Cruz RS, Medeiros EAA. Zinc oxide nanoparticles: Syn-
thesis, antimicrobial activity, and food packaging applica-
tions. Food Bioprocess Technol. 2012;5(5):1447-64.

https://doi.org/10.1007/5s11947-012-0797-6

Lansdown A. Silver in health care: Antimicrobial effects and
safety in use. In: Hipler UC, Elsner P, editors. Biofunctional
textiles and the skin, vol. 33. Basel, Switzerland: Karger AG;
2006. pp. 17-34.

https://doi.org/10.1159/000093928

Alpaslan D, Dudu TE, Sahiner N, Aktas N. Synthesis and
preparation of responsive poly(dimethyl acrylamide/gela-
tin and pomegranate extract) as a novel food packaging
material. Mater Sci Eng C. 2020;108:110339.

https://doi.org/10.1016/j.msec.2019.110339

Alpaslan D, Ersen Dudu T, Aktas N. Synthesis of smart food
packaging from poly (gelatin-co-dimethyl acrylamide)/cit-
ricacid-red apple peel extract. Soft Mater. 2021;19(1):64-77.
https://doi.org/10.1080/1539445X.2020.1765802

Alpaslan D, Ersen Dudu T, Aktag N. Synthesis, characteriza-
tion and modification of novel food packaging material
from dimethyl acrylamide/gelatin and purple cabbage ex-
tract. MANAS J Eng. 2018;6(2):110-28.

Alpaslan D. Use of colorimetric hydrogel as an indicator for
food packaging applications. Bull Mater Sci. 2019;42(5):247.
https://doi.org/10.1007/512034-019-1908-z

He B, Ge J, Yue P, Yue XY, Fu R, Liang J, Gao X. Loading of
anthocyanins on chitosan nanoparticles influences antho-
cyanin degradation in gastrointestinal fluids and stability
in a beverage. Food Chem. 2017,221:1671-7.
https://doi.org/10.1016/j.foodchem.2016.10.120

Lin BW, Gong CC, Song HF, Cui YY. Effects of anthocyanins
on the prevention and treatment of cancer. Br J Pharmacol.
2017;174(11):1226-43.

https://doi.org/10.1111/bph.13627

Mojica L, Berhow M, de Mejia EG. Black bean anthocya-
nin-rich extracts as food colorants: Physicochemical stabili-
ty and antidiabetes potential. Food Chem. 2017;229:628-39.
https://doi.org/10.1016/j.foodchem.2017.02.124

Yousuf B, Gul K, Wani AA, Singh P. Health benefits of antho-
cyanins and their encapsulation for potential use in food
systems: A review. Crit Rev Food Sci Nutr. 2016;56(13):2223—
30.

https://doi.org/10.1080/10408398.2013.805316

Bhatia M, Chahal J, Gupta S. Analgesic and anti-inflamma-
tory activities of Clitoria ternatea Linn. leaves extract on rat

FTB| Food Technology & Biotechnology

October-December 2021 |Vol. 59 | No. 4 429


http://www.ftb.com.hr
https://orcid.org/0000-0002-2692-0097
https://orcid.org/0000-0002-2692-0097
https://orcid.org/0000-0002-8697-6885
https://orcid.org/0000-0002-8697-6885
https://orcid.org/0000-0002-7812-3946
https://orcid.org/0000-0002-7812-3946
https://orcid.org/0000-0002-6483-7323
https://orcid.org/0000-0002-6483-7323
https://orcid.org/0000-0001-8479-1126
https://orcid.org/0000-0001-8479-1126
https://doi.org/10.1159/000093928
https://doi.org/10.1007/s12034-019-1908-z

C.R. LEONG et al.: Effective Food Packaging Material with Natural Antimicrobial Agent

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

model. Int J Pharm Sci Res. 2014;5(2):600-6.
https://doi.org/10.13040/1JPSR.0975-8232.5(2).600-06

Kungsuwan K, Singh K, Phetkao S, Utama-ang N. Effects of
pH and anthocyanin concentration on color and antioxi-
dant activity of Clitoria ternatea extract. Food Appl Biosci J.
2014;2(1):31-46.

https://doi.org/10.14456/fabj.2014.3

Leong CR, Azizi MAK, Taher MA, Wahidin S, Lee KC, Tan WN,
Tong WY. Anthocyanins from Clitoria ternatea attenuate
food-borne Penicillium expansum and its potential applica-
tion as food biopreservative. Nat Prod Sci. 2017;23(2):125-
31.

https://doi.org/10.20307/nps.2017.23.2.125

Tan C, Selig MJ, Abbaspourrad A. Anthocyanin stabilization
by chitosan-chondroitin sulfate polyelectrolyte complex-
ation integrating catechin co-pigmentation. Carbohydr
Polym. 2018;181:124-31.
https://doi.org/10.1016/j.carbpol.2017.10.034

Ahlin P, Krist J, Smid-Korbar J. Optimization of procedure
parameters and physical stability of solid lipid nanoparti-
cles in dispersions. Acta Pharm. 1998;48(4):259-67.
Sancakli A, Basaran B, Arican F, Polat O. Effects of bovine
gelatin viscosity on gelatin-based edible film mechanical,
physical and morphological properties. SN Appl Sci. 2021;
3(1):8.

https://doi.org/10.1007/s42452-020-04076-0

ASTM D882-10. Standard test method for tensile properties
of thin plastic sheeting. West Conshohocken, PA, USA:
ASTM International; 2010.
https://doi.org/10.1520/D0882-10

ASTM E96/E96M-16. Standard test methods for water vapor
transmission of materials. West Conshohocken, PA, USA:
ASTM International; 2016.
https://doi.org/10.1520/E0096_E0096M-16

ASTM E1131-20. Standard test method for compositional
analysis by thermogravimetry. West Conshohocken, PA,
USA: ASTM International; 2020.
https://doi.org/10.1520/E1131-20

ISO 11358-1:2014. Plastics - Thermogravimetry (TG) of pol-
ymers — Part 1: General principles. Geneva, Switzerland: In-
ternational Organization for Standardization (ISO); 2014.
Zivanovic S, Chi S, Draughon AF. Antimicrobial activity of
chitosan films enriched with essential oils. J Food Sci. 2005;
70(1):M45-51.
https://doi.org/10.1111/j.1365-2621.2005.tb09045.x

SPSS Statistics for Windows, v. 17.0, SPSS Inc., Chicago, IL,
USA; 2008. Available from: https://www.ibm.com/prod-
ucts/spss-statistics.

OriginPro, v. 8.0, OriginLab Corporation, Northampton,
MA, USA; 2009. Available from: https://www.originlab.
com/index.aspx?go=Products/Origin/2015&pid=2151.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

Microsoft Corporation, Microsoft Excel 2010, Redmond,
WA, USA; 2010. Available from: https://office.microsoft.
com/excel.

Pourjavaher S, Almasi H, Meshkini S, Pirsa S, Parandi E. De-
velopment of a colorimetric pH indicator based on bacte-
rial cellulose nanofibers and red cabbage (Brassica olerace-
ae) extract. Carbohydr Polym. 2017;156:193-201.
https://doi.org/10.1016/j.carbpol.2016.09.027

Bjorgy @, Rayyan S, Fossen T, Andersen @M. Structural
properties of anthocyanins: Rearrangement of C-glyco-
syl-3-deoxyanthocyanidins in acidic aqueous solutions. J
Agric Food Chem. 2009;57(15):6668-77.
https://doi.org/10.1021/jf900759q

Silva-Pereira MC, Teixeira JA, Pereira-Junior VA, Stefani R.
Chitosan/corn starch blend films with extract from Brassica
oleraceae (red cabbage) as a visual indicator of fish deteri-
oration. LWT - Food Sci Technol. 2015;61(1):258-62.
https://doi.org/10.1016/j.lwt.2014.11.041

Benvenuti S, Bortolotti E, Maggini R. Antioxidant power,
anthocyanin content and organoleptic performance of ed-
ible flowers. Sci Hortic. 2016;199:170-7.
https://doi.org/10.1016/j.scienta.2015.12.052

Rawdkuen S, Faseha A, Benjakul S, Kaewprachu P. Applica-
tion of anthocyanin as a color indicator in gelatin films.
Food Biosci. 2020;36:100603.

https://doi.org/10.1016/j.fbio.2020.100603

Wu J, Sun X, Guo X, Ge S, Zhang Q. Physicochemical prop-
erties, antimicrobial activity and oil release of fish gelatin
films incorporated with cinnamon essential oil. Aquac Fish.
2017;2(4):185-92.

https://doi.org/10.1016/j.aaf.2017.06.004

Grover CN, Cameron RE, Best SM. Investigating the mor-
phological, mechanical and degradation properties of
scaffolds comprising collagen, gelatin and elastin for use
in soft tissue engineering. J Mech Behav Biomed Mater.
2012;10:62-74.
https://doi.org/10.1016/j.jmbbm.2012.02.028

Kanmani P, Rhim JW. Physicochemical properties of gela-
tin/silver nanoparticle antimicrobial composite films. Food
Chem. 2014;148:162-9.
https://doi.org/10.1016/j.foodchem.2013.10.047

Jeya Shakila R, Jeevithan E, Varatharajakumar A, Jeyaseka-
ran G, Sukumar D. Comparison of the properties of mul-
ti-composite fish gelatin films with that of mammalian gel-
atin films. Food Chem. 2012;135(4):2260-7.

https://doi.org/10.1016/j.foodchem.2012.07.069

Chin SS, Lyn FH, Hanani ZAN. Effect of Aloe vera (Aloe bar-
badensis Miller) gel on the physical and functional proper-
ties of fish gelatin films as active packaging. Food Packag
Shelf Life. 2017;12:128-34.
https://doi.org/10.1016/j.fps|.2017.04.008

430 FTB|Food Technology & Biotechnology

October-December 2021 | Vol. 59 | No. 4


https://doi.org/10.13040/IJPSR.0975-8232.5(2).600-06
https://doi.org/10.1016/j.carbpol.2017.10.034
https://doi.org/10.1007/s42452-020-04076-0
https://doi.org/10.1111/j.1365-2621.2005.tb09045.x
https://www.ibm.com/products/spss-statistics
https://www.ibm.com/products/spss-statistics
https://www.originlab.com/index.aspx?go=Products/Origin/2015&pid=2151
https://www.originlab.com/index.aspx?go=Products/Origin/2015&pid=2151
https://office.microsoft.com/excel
https://office.microsoft.com/excel
https://doi.org/10.1016/j.fbio.2020.100603
https://doi.org/10.1016/j.fpsl.2017.04.008

Food Technol. Biotechnol. 59 (4) 422-431 (2021)

43.

44.

45.

46.

Libanori R, Erb RM, Reiser A, Le Ferrand H, Stiess MJ, Spo-
lenak R, Studart AR. Stretchable heterogeneous compos-
ites with extreme mechanical gradients. Nat Commun.
2012;3:1265.

https://doi.org/10.1038/ncomms2281

Hamilton RL. Water vapor permeability of polyethylene
and other plastic materials. Bell Syst Tech J. 1967;46(2):391-
415.

https://doi.org/10.1002/j.1538-7305.1967.tb01064.x
Kanmani P, Rhim JW. Physicochemical properties of gela-

tin/silver nanoparticle antimicrobial composite films. Food
Chem. 2014;148:162-9.
https://doi.org/10.1016/j.foodchem.2013.10.047

Aly AA, Ali HGM, Eliwa NER. Phytochemical screening, an-
thocyanins and antimicrobial activities in some berries
fruits. J Food Meas Charact. 2019;13(2):911-20.
https://doi.org/10.1007/511694-018-0005-0

47.

48.

49.

50.

Ab Rashid S, Tong WY, Leong CR, Ghazali NMA, Taher MA,
Ahmad N, et al. Anthocyanin microcapsule from Clitoria ter-
natea: Potential bio-preservative and blue colorant for
baked food products. Arab J Sci Eng. 2021;46(1):65-72.
https://doi.org/10.1007/5s13369-020-04716-y

Werlein HD, Kiitemeyer C, Schatton G, Hubbermann EM,
Schwarz K. Influence of elderberry and blackcurrant con-
centrates on the growth of microorganisms. Food Control.
2005;16(8):729-33.
https://doi.org/10.1016/j.foodcont.2004.06.011

Kovats SK, Doyle MP, Tanaka N. Evaluation of the microbi-
ological safety of tofu. J Food Prot. 1984;47(8):618-22.
https://doi.org/10.4315/0362-028X-47.8.618

Yang S, Peng Z, Wang L, Wang T, Yang C. Calcinated shell
powder from Corbicula fluminea as a natural antimicrobial
agent for soybean curd (tofu) preservation. Food Sci Tech-
nol Res. 2019;25(4):545-53.
https://doi.org/10.3136/fstr.25.545

FTB| Food Technology & Biotechnology

October-December 2021 |Vol. 59 | No.4 431



	_GoBack

